Ouabain-sensitive uncoupled Na+ efflux has been studied in human, pig, and rat red cells and in vesicles containing reconstituted kidney Na+/K+ pumps obtained from these same species. The red cells from the different species gave qualitatively similar results; the uncoupled Na+ efflux was 15-30% of the Na+/K+ exchange rate, and this flux was inhibited at 5 mM extracellular Na+ (Nat). At higher levels of Na+ there was a monotonic increase in the Na+ efflux. As has previously been observed in human red cells, the uncoupled efflux from pig red cells consists of Na+ and anion cotransport, suggesting that anion cotransport may be a general characteristic of uncoupled Na+ efflux in red cells. The uncoupled Na+ efflux carried out by pig and rat kidney Na+/K+ pumps differs from the red cell activity in that it represents no more than 2-4% of the Na+/K+ exchange rate and that 5 mM Na+ does not inhibit this efflux. Furthermore, the efflux does not appear to be dependent on anion cotransport. Vesicles containing human kidney Na+/K+ pumps differ from vesicles derived from pig or rat kidneys in that the Na+ eMux is not inhibited or stimulated by Na+ present on the opposite side; it thus appears that the Na+,K+-ATPase in these vesicles may be incapable of Na+/Na+ exchange. These results indicate that the ligand and kinetic properties of the uncoupled Na+ efflux mode of red cells are markedly different from kidney-derived
Na+ there was a monotonic increase in the Na+ efflux. As has previously been observed in human red cells, the uncoupled efflux from pig red cells consists of Na+ and anion cotransport, suggesting that anion cotransport may be a general characteristic of uncoupled Na+ efflux in red cells. The uncoupled Na+ efflux carried out by pig and rat kidney Na+/K+ pumps differs from the red cell activity in that it represents no more than 2-4% of the Na+/K+ exchange rate and that 5 mM Na+ does not inhibit this efflux. Furthermore, the efflux does not appear to be dependent on anion cotransport. Vesicles containing human kidney Na+/K+ pumps differ from vesicles derived from pig or rat kidneys in that the Na+ eMux is not inhibited or stimulated by Na+ present on the opposite side; it thus appears that the Na+,K+-ATPase in these vesicles may be incapable of Na+/Na+ exchange. These results indicate that the ligand and kinetic properties of the uncoupled Na+ efflux mode of red cells are markedly different from kidney-derived Na+/K+ pumps reconstituted into proteoliposomes. The basis for these differences may be inherent in the Na+/K+ pumps themselves or represent differences between the two types of preparations studied. pumps that were isolated from rectal gland or kidney tissue; however, the characteristics of uncoupled effiux as seen in these vesicle preparations are different from those seen in red cells (cf. ref. 7) . Thus, Cornelius (9) has found that the uncoupled Na+ flux carried out by shark rectal gland Na+/K+ pumps is electrogenic and he has shown that this uncoupled Na+ efflux is not inhibited at any concentration of Na4. Goldshleger et al. (10) , however, found that with pig kidney pumps, the uncoupled Na+ flux is electroneutral between pH 6.5 and 7, and because they could not detect any influence of anions, they concluded that this efflux may be balanced by H+ uptake. One possible explanation for the discrepancies between the results displayed by the red cell and vesicle preparations is that they represent speciesand/or tissue-specific differences; another is that the differences may lie in the types of preparation studied. In this work, we have attempted to address these questions by comparing in the same species some of the properties of uncoupled efflux of Na+ in red cells with their respective kidney Na+/K+ pumps reconstituted into proteoliposomes. Our results indicate that the uncoupled efflux in red cells from humans, pigs, and rats all have the same qualitative characteristics, whereas the flux measured in the various vesicle preparations has markedly different properties. These results may help explain some of the inconsistencies in the interpretation of ion flux data between red cell and reconstituted kidney Na+/K+ pumps.
The Na+/K+ pump in red blood cells is capable of working in several modes depending on the ionic composition of the internal and external media (1) . Under physiological conditions, three intracellular Na+ ions (Nail) are exchanged for two extracellular K+ ions (Ks); however, if the cells are suspended in media free of Na+ and K:, it is possible to measure what is referred to as an "uncoupled" efflux of Na,+ since it occurs in the absence ofNa4 and K+. This uncoupled efflux is not only pump mediated, it is ATP dependent and inhibited by cardiotonic steroids, such as ouabain (1) (2) (3) (4) (5) (6) . Ifthe concentration of Na:j is increased to 5 mM this efflux is inhibited by 60-80%, but at higher levels of Na:J there is a stimulation ofNa+ efflux via Nai+/Na4 exchange. It has been shown that in human red cells the uncoupled Na+ efflux is electroneutral and that the charge compensation of Na+ movement is achieved by a cotransport of intracellular anions: the N4-inhibitable efflux is compensated by an efflux of cytoplasmic Cl-or SO'- (7) while the N4-insensitive portion (20-40%) is coupled to an effiux of Pi that is directly donated, via the pump's phosphointermediate, from the y-phosphate of ATP (8) .
Parallel studies of uncoupled Na+ efflux have also been carried out in lipid vesicles containing reconstituted Na+/K+ MATERIALS AND METHODS Solutions Used. First wash solution: 150 mM NaCl, 20 mM Hepes, 5 mM adenosine, 10 mM inosine, and 1 mM MgCl2 adjusted to pH 7.4 at 370C. The Na+ efflux solution used for pig red cells (Fig. 1) is the same as the first wash solution except that choline chloride was substituted for NaCl. Various amounts of Na+ and K+ were used to replace an equimolar amount of the choline chloride. Second wash solution: 115 mM Na2SO4, 10 mM Tris2SO4, 5 mM inosine, 5 mM adenosine, and 0.5% Na-free bovine serum albumin (BSA). This solution was made to 330 mosM (determined osmometrically) by addition of solid Na2SO4, bubbled with hydrated N2 gas at pH 5.5 to remove traces of bicarbonate, and then titrated to pH 7.4 at 0C with H2SO4. Anion efflux solution: 244 mM N-methylglucamine (NMG), 5 mM inosine, 5 mM adenosine, 0.5% Na-free BSA. To make (NMG)2SO4, the solution is first titrated to pH 5. 12 ,000 x g for 5 min at 00C, each with 10 vol of the first wash solution. The washed red cells (buffy coat removed) were then loaded with 22NaCl by incubation at 370C in the solutions as specified in the legends for 3 hr at a 50% hematocrit. The cells were then washed five times each with 10 vol of their respective loading solutions (isotope-free) at 0(C. At the end of the washes an aliquot of the red cells was removed for determination of Na~, K,+, and water content (see ref. 7) . The remaining cells were diluted to a 1-2% hematocrit in the specified effiux solutions with various amounts of Na+ and K+, with or without 1 mM ouabain. The 22Na+ flux was measured as described (7, 8) by incubating the suspension mixture at 370C for up to 1 hr. Aliquots were removed at different times and rapidly cooled to 0(C in an iced bath, and the radioactivity present in the supernatant was determined after centrifuging the cells at 12,000 x sg for 1 min. The time 0 radioactivity was measured by counting the supernatants from aliquots of the suspension that had been kept at 0(C. In addition, the radioactivity of the total suspension mixture was also determined. The efflux was calculated from the fractional loss of 22Na+ from the cells that occurred during the timed incubation intervals. The ouabainsensitive efflux of Na+ was taken as the difference in the rates in the absence and presence of ouabain (0.1 or 0.5 mM for human and pig red cells; 1 Michael Kashgarian of the Pathology Department. These were the excised kidneys from patients receiving kidney transplants. Na+,K+-ATPase was isolated from the outer medulla of the kidneys following the shorter of the two procedures described by J0rgensen (11) . The activity of the preparation was assessed by measuring the release of phosphate (12) from ATP after a 10-min incubation at 370C and the protein was measured as described by Peterson (13) . For both the rat and the pig kidney preparations the Na+,K+-ATPase activity ranged from 13 to 20 umol'mg-1 min-1; the human kidney preparations ranged from 5 to 8 ;Lmol mg-1-min-1.
Recnstitution of Kidney Na+/K4 Pumps. Kidney Na+/K+ pumps were reconstituted into proteoliposomes by the freeze/thaw sonication procedure using cholate solubilized enzyme as described by Karlish and Pick (14) . The optimal protein/phospholipid ratio ( with the maximum inhibition occurring at =5 mM Na: (1, 8) .
This same effect is observed in red cells from other species. Fig. 1 (Upper) shows the results of experiments in which the Na+ efflux in pig and rat red cells was measured at various concentrations of Nab in the absence and presence of ouabain. Fig. 1 (Lower) shows the ouabain-sensitive differences between the two paired curves (Upper), where it is evident that as the concentration of Na:j is raised the response is biphasic as is also the case in human red cells (2, 8) .
Uncoupled Na+ efflux is inhibited by 5 mM Nag, but at higher values of Na+ the increase in the Na+ efflux has been shown to represent a different process-namely, Nai+ for Nag exchange (1, 2, 8 ). This inhibitory action of Nag+ on Nai+ efflux was obtained in five additional experiments with both pig and rat red cells (results not shown) and extends the list of red cell species that show this effect. Note that in both species the uncoupled Na+ efflux, as in human red cells (8) , is inhibited more by ouabain than it is by 5 mM Nat. This has been the basis for separating the uncoupled efflux of Na+ into two components where one is Nat-sensitive and the other is Nag-insensitive (see below).
The next question was to test the extent to which Na+/K+ pumps purified from different mammalian kidneys display this same behavior. The uncoupled Na+ flux was measured in vesicles prepared from pig, rat, and human kidneys. In these preparations, we measured only the Na+ uptake by those Na+/K+ pumps that can be activated by ATP from the outside surface of the vesicle; in this respect, the orientation of the pumps that are activated is the reverse of that in red cells. Thus, as is evident from the results presented in Table  1 , when vesicles reconstituted with kidney Na+/K+ pumps are loaded with 200 mM KC1 and incubated in the presence of 10 mM Nat, an ATP-dependent uptake of Na4 occurs that is taken to represent Na: for KV exchange. When the vesicles are K+-free (containing Tris instead) there is still an ATPdependent uptake of Na+ that is now taken to represent the pump-mediated uptake of Na+ in its uncoupled mode. Note that the ATP-dependent uncoupled uptake of Na+ as well as the exchange of Na4 for KI* are inhibited by strophanthidin.
(Strophanthidin is used here because in penetrating to the vesicle interior it inhibits those pumps that are activated by external ATP.) These results with the pig kidney enzyme are similar to those reported by others (10) . The uncoupled uptake ofNa+ into kidney vesicles differs from the uncoupled Na+ efflux seen in red cells in that, at least in pig and rat kidney preparations, it is composed of a much smaller proportion ofthe Na4 for Kj+ exchange rate. As noted before, the uncoupled Na+ efflux in red cells is 15-30%o of the K+-stimulated rate, but in vesicles reconstituted with pig kidney Na+ pumps, the uncoupled rate is <4% of the flux observed in the presence of K+. In rat kidney preparations, it is -1% of the rate but "14% of the Kr-stimulated rate in human kidney preparations. Another more dramatic difference is shown in Fig. 2 adjusted to pH 7.0 with 304 mM Tris-OH together with 15 mM imidazole and 0.65 mM EDTA. The medium containing NaSCN or disodium tartrate had the same composition as the NaCl medium except that 142.8 mM tartaric acid + 304 mM Tris OH were substituted for the 200 mM Tris HCl, and 20 mM disodium tartrate or 20 mM NaSCN was substituted, respectively, for the 20 mM NaCl. The pig and human kidney vesicles were treated, respectively, with 85 and 125 pM strophanthidin (controls treated with ethanol alone) and incubated at 20°C for 10 min prior to the flux assay. The flux assay was initiated by mixing an equal volume of the vesicle suspension with an equal volume of medium followed by incubation for 2 min and separation as described in Materials and Methods. Uptake rate of 22Na+ by the vesicles was occurred it was negligible because the affinity of K: was not affected by Na4. It should also be added that the inhibition in rat red cells of uncoupled Na+ efflux by 5 mM Na4, as in Fig. 1 , is prevented by the presence of0.2 mM K: (results not shown).
In marked contrast, kidney vesicles differ from red cells in that the uncoupled Na+ flux in these preparations is not affected by anions as shown before in pig kidney (10) and by the results presented in Table 1 . Dissing and Hoffman (7) have shown that the uncoupled Na+ efflux is inhibited in red cell ghosts containing tartrate in place of Cl-or SO'-, but as shown in Table 1 , the uncoupled Na+ flux in vesicles prepared with rat kidney pumps is not affected by the anion composition. There was no change in the uptake rate of Na+ when tartrate replaced Cl-on both sides of the vesicles or when SCN was substituted for Cl-in the external medium.
DISCUSSION
It is clear from the above results that the uncoupled efflux of Na+ as seen in pig, rat, and human red cells displays different properties from those seen in vesicles reconstituted with Na+,K+-ATPase isolated from the kidneys from the same three species. Thus, while uncoupled Na+ efflux in each of the three kinds of red cells is inhibited by Na: (Fig. 1 ; Table   2 ; refs. 7 and 8) , this is not the case in their respective kidney vesicle preparations ( Fig. 2; refs. 9 and 10). As also pointed out, another difference lies in the fractional size of the uncoupled Na+ efflux component relative to the size of Na+/K+ exchange-it is much smaller in the kidney vesicle preparations than in the red cells of the same species. This difference presumably does not represent any inherent differences in pump mechanism but rather could reflect differences in critical rate constants that define the turnover rates ofthe pump's intermediates during uncoupled Na+ efflux. On the other hand, the small size of uncoupled Na+ efflux in the kidney vesicles may be responsible for the minimal detectability of this flux when kidney Na+/K+ pumps have been inserted into intact dog red cells (16) . Because dog red cells lack endogenous Na+/K+ pumps, this approach optimizes study of the Na+/K+ pumps of the kidney in an intact membrane. Perhaps when the sensitivity of the system is increased it will be possible to evaluate whether or not the new membrane environment substantively alters any of the characteristics as seen here ofthe inserted pumps with regard to uncoupled Na+ efflux (see below).
Perhaps the most important difference between uncoupled Na+ efflux in red cells and their kidney vesicle counterparts lies in the effect of anions and their cotransport with Na+. As pointed out before ( While uncoupled Na+ efflux in intact red cells is evidently different from that displayed by kidney vesicle preparations, it is not known whether these differences obtain when the comparison is made to intact kidney cells. Thus, we need information regarding the properties ofuncoupled Na+ efflux in renal tubular cells or in cell lines developed from them. We are not aware of any studies of uncoupled Na+ efflux from renal tissue. Even so, it is not clear why the characteristics of uncoupled Na+ efflux differ between red cells and vesicles containing reconstituted Na+/K+ pumps. Possible causes of the differences relative to the vesicle properties could be due to changes in the lipid composition, the effects ofexposure to detergents, or that Na+/K+ pumps of kidney undergo different posttranslational modifications than those ofred cells. It would also be of interest when purified Na+,K+-ATPase from red cells is available to reconstitute this enzyme into proteoliposomes for comparison with the kidney preparations. Obviously, further work is needed to determine the extent to which the Na+/K+ pumps from the two sources differ.
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